Abstract
Introduction
Breast cancer is the most common cancer in women worldwide. Mucinous breast cancer (MBC) is a rare and special type, presenting with substantial extracellular mucin, and its incidence was reported to range from 1% to 6% for all primary breast cancers [1] [2] [3] [4] . MBC is distinct from breast cancer, and its uniqueness should be considered in clinical practice. MBC is commonly seen in elderly, postmenopausal patients and is generally considered to have a favorable prognosis. Previous studies have found that MBC tumors have specific characteristics, such as a high expression of hormone receptors and low expression of human epidermal growth factor receptor 2 (EGFR2/HER2) [3] [4] [5] [6] [7] . In previous studies, MBC has been categorized into type A tumor, type B tumor or type AB tumor [1, 8, 9] . Type B tumor and neuroendocrine tumor seemed to constitute a spectrum of lesions [10] . Micro-papillary MBC is also considered a special type B subgroup with poor prognosis [11] . Additionally, the microsatellite instability (MSI) phenotype is remarkably rare in MBC compared with mucinous carcinomas present at other anatomical sites [12, 13] .
Previous clinical studies reported that patients with MBC had bias that resulted from a small sample size or limited time of follow-up due to its relative rarity. The treatment guidelines for optimal local and systemic control of MBC are mostly extrapolated from the treatment experience with IDC and have not undergone rigorous validation in MBC patients. The lack of a particular prognosis evaluation system for MBC has resulted in uniform treatment for MBC.
Currently, nomograms have been developed in the majority of cancer types [14] [15] [16] . Nomograms have been accepted as a reliable and alternative tool, or even as a new standard [17] , to assist clinicians with making convenient individual predictions. In this study, using a large, nationwide, population-based data, we retrospectively investigated the clinicopathological characteristics of MBC. Furthermore, we attempt to establish a nomogram for patients with MBC based on the clinicopathological data.
Materials and Methods

Patient selection and data processing
The Surveillance, Epidemiology, and End Results (SEER) database (http://seer.cancer.gov/) is sponsored by the National Cancer Institution with the aim of collecting information about the cancer incidence and outcome. The current SEER database collects and publishes cancer data from 18 population-based cancer registries among 14 states across the United States, representing approximately 30% of the United States population. The SEER database is collected and released annually, reflecting the most updated information. The SEER data do not capture information about surgery or radiation provided in the past four months of diagnosis nor is there information about recurrence or metastasis that is detected subsequent to the initial diagnosis. We received permission to access the research data (Reference Number: 10263-Nov2015). The study was approved by the review board of Zhejiang University Jinhua hospital. SEER.Stat software was utilized to identify patients with breast cancer in 1990-2007. The specific inclusion criteria were as follows: (1 
Statistical analyses
All of the cases were regrouped according to the 7th American Joint Committee on Cancer (AJCC) TNM staging system. Race was divided into white, black and other. The hormonereceptor status of the tumor was stratified to hormone receptor (HoR) -positive [estrogen receptor (ER)-positive/progesterone receptor (PR)-positive, ER-negative/PR-positive and ERpositive/PR-negative] and HoR-negative (ER-negative/PR-negative). The cutoff age of 70 was achieved through the X-tile program [18] (S1 Fig). Age was classified into young (< or = 70 years old) and old (> 70 years old) groups. Marital status was regrouped as married, single (never married or having a domestic partner) or divorce (separated, divorced and widowed).
The distribution of the histological type in different subgroups was analyzed using ChiSquared tests. The CSS was calculated from the date of diagnosis to the date of death from breast cancer. Survival curves were generated using Kaplan-Meier methods, and the log-rank test was performed to evaluate the survival differences between groups. The 5-and 10-year CSS rates were calculated using the Life-Table method. Multivariable analyses were performed with Cox regression models and adjusted hazard ratios (HRs) along with 95% confidence intervals (CIs) to adjust for prognostic variables. In the multivariable analysis, the T-and N-classification and ER/PR status variables, rather than the stage and HoR status variables, were included to avoid multicollinearity.
A nomogram was constructed based on the results of the Cox proportional hazard model and by using the rms package in R software (http://www.r-project.org/). For inclusion into the final nomogram, the effect of the continuous variable, age, was explored using restricted cubic splines with five knots, resulting in a satisfactory sensitivity. The nomogram was internally validated by bootstrapping with 1000 resamples as quantified by the concordance index (C-index). Calibration curves, which plot the average Kaplan-Meier estimate against the corresponding nomogram for 5-or 10-year CSS, are provided to evaluate the nomogram performance.
The probability of CSS in every variable was predicted as a point by the nomogram. The risk score of CSS was calculated for each patient by totaling the points for every variable. Using two cut-off values from the X-tile program, the cohort was classified as three subgroups: low risk = scoring 0-158, medium risk = scoring 159-205 and high risk = scoring 205-416.
In the MBC cohort, the cumulative incidence of breast cancer special death (BCSD) was calculated based on a competing risk regression model [19] . The BCSD was considered as the failure event and non-BCSD as the competing event. The stacked cumulative incidence function plot was used to describe the actual prognosis of specific causes of death [20] .
When the two-sided P value was less than 0.05, the difference was considered statistically significant. Analyses were performed using statistical software STATA/SE 12.0 (StataCorp LP, TX, USA) and R software (version 3.0.1).
Results
Clinicopathological characteristics
A total of 139611 eligible patients with early breast cancer were included in the study. The medium age of the 136569 (97.82%) patients with IDC was 53 years, and it was 75 years in the 3042 (2.18%) patients with MBC. The detailed clinicopathological characteristics according to the histological types are summarized in Table 1 . Patients with MBC had a higher percentage than IDL in cases with patients over 70 years old (P < 0.001). MBC was more common in women of another race (P < 0.001). Furthermore, patients with MBC had less lymph node involvement (89.84% vs. 65.29%, P < 0.001), an earlier stage (stage I) (68.54% vs. 49.74%, P < 0.001), and well-differentiated lesions (59.57% vs. 17.40%, P < 0.001). MBC were associated with a higher frequency of ER-positive status (96.75% vs. 84.52%, P < 0.001) as well as a dramatically higher frequency of HoR-positive status (97.14%).
Survival analysis
The median follow-up was 91 months (range 1-263 months). Patients with MBC obviously had better survival (HR = 0.26; 95% CI, 0.21-0.31, P < 0.001). The 5-and 10-year CSS rates of MBC were 98.23% and 96.03%, respectively, while 91.44 and 85.48% were observed for patients with IDC (Fig 1) . Multivariate analysis with the Cox regression model showed that MBC was an independently better prognostic factor (HR = 0.62; 95% CI, 0.51-0.75; P < 0.001). Furthermore, we stratified the entire cohort by histological type and analyzed CSS according to patient and tumor characteristics (Fig 2) . The forest plot of subgroup analysis revealed that except for the well-differentiated type, T4-classification or N3-classification subgroup, patients with MBC had favorite outcomes compared with patients with IDC.
Prognostic factors in MBC
The competing risk regression model was used to explore the prognostic factors for patients with MBC. Univariate analysis revealed that age, marital status, tumor location, differentiated grade, T and N-classification, and ER/PR status were statistically significant prognostic factors for survival (Table 2, Fig 3) . Based on the results of univariate analysis, further multivariate analysis showed that old age, poorly differentiated tumor and advanced T and N-classification were significantly associated with worse prognosis.
The stacked incidence cumulative plot showed that non-BCSD had a predominant impact on survival. The risk of BCSD was exceeded by non-BCSD in the early course of follow-up, and the trend was increasingly obvious with the passage of time (Fig 4) .
Construction and validation of a prognostic nomogram model in MBC
Significant factors identified by the Cox model were used to build a nomogram to predict the probability of CSS in MBC patients (Fig 5) . The tumor location, differentiation grade, T and N-classification, and ER and PR statuses were included. Baseline characteristics, such as the age, race and marital status were also incorporated into the model. The nomogram illustrated T and N-classification as the largest contributor to the prognosis, which was followed by the differentiation grade. Each subtype for all variables was assigned a score on the point scale (Table 3) . By summing the total score and locating it on the total point scale, we were easily able to draw a straight line down to estimate 5-, 10-or 15-year predicted CSS rate. The internal validation using the bootstrap method showed the nomogram can accurately predict the CSS with a C-index of 0.816 (95% CI, 0.773-0.859). The calibration plots demonstrated an excellent agreement between the nomogram prediction and actual observation for the 5-and 10-year CSS rates (Fig 6) .
The risk score developed from the nomogram as a continuous variable acted as a prognostic factor for CSS (HR = 1.02, P < 0.001). Then, the MBC cohort was classified into three subgroups (low risk, score < 158; medium risk, score of 158-205 and high risk, score > 205) according to the risk score by two cutoff values from the X-tile program ( S2 Fig). The univariate analysis showed that the Risk score was significantly associated with the prognosis; the 5-and 10-year CSS rates were 99.53% and 98.87% in the low risk subgroup, 87.92% and 94.02% in the medium risk subgroup, and 90.14% and 80.68% in the high risk subgroup, respectively. The C-index of the model based on the Risk score to predict CSS was 0.789, which was statistically higher than the AJCC TNM staging system (C-index = 0.704, P < 0.001).
Discussion
MBC is a rare histological cancer type with lower malignancy and a comparatively better prognosis. A series of previous studies reported that MBC had different characteristics than other histological breast cancer types. However, some studies showed that there was no longer a survival difference between the patients with MBC and IDC after adjusting for the tumor size and lymph node status [3, 21] . In our study, patients with MBC had an obviously better prognosis than patients with IDC, even after adjusting for clinicopathological factors. The features related to the prognosis of patients with MBC remain controversial. The validity of the intrinsic subtype as a prognostic factor is widely accepted by clinicians. The current NCCN guideline recommends using the ER and PR statuses as the most important factors for making clinical decisions. However, in our study, multivariate analysis showed that ER and PR cannot independently predict the MBC prognosis. This is partly because the rate of ER and PR positivity is too high in our study, which will make it difficult to define the prognostic effect of the ER and PR statuses. Additionally, the HoR positivity (97.14%) is dramatically high and the remaining 3% of patients who are HoR negative are difficult to further stratify. It is not practicable to guide clinical practice according to the ER or PR status.
The gene signature is widely used to predict the prognosis of patents with ER positive and lymph node negative status (most MBC patients have such characteristics) [22, 23] . However, for MBC tumor, abundant mucinous content in the tumor will impact the RNA quality of RNA. As a result, the 21-gene assay and MammaPrint based on real-time PCR will no longer be suitable for testing [24] .
In previous studies, lymph node involvement was recognized as the most important prognostic factor [1, 25, 26] . In the current study, the effect of lymph node involvement was predominate in the nomogram. For MBC patients with lymph node involvement (10%), only 1.45% of patients had 1-3 lymph node metastases, and 0.43% of patients had more than three lymph node metastases. Therefore, sentinel lymph node biopsy may be sufficient to evaluate axillary lymph node metastasis.
The prognostic significance of the tumor size is an interesting but controversial issue in MBC patients. In the past, the NCCN guidelines recommended that patients with a tumor larger than 2 cm should receive adjuvant chemotherapy. However, the guidelines have been modified; now, lymph node involvement alone is considered as an indication for chemotherapy, regardless of the T-classification. Although the tumor size is associated with a delay in diagnosis in tumors with low invasion, the prognostic significance of the tumor size is questioned because the production of abundant extracellular mucin is included in the size measurement. As a result, the measured tumor size might fail to reflect the actual tumor size. This complicates the predictive role of the tumor size for MBC. One small size sample study showed that the MBC is associated with a larger tumor compared with IDC [27] . Additionally, one study showed that lymph node involvement is not associated with the tumor size [28] . In our study, the nomogram showed that T3 and T4 tumors had a worse prognosis than T1 and T2 tumors. Therefore, tumor size larger than 5 cm could be considered a poor prognostic factor.
Additionally, a poor differentiation grade is a poorer prognostic factor in the current study. The subgroup showed that MBC had a similar prognosis as IDC in the well-differentiated tumor subgroup, which may improve the prognosis for well-differentiated IDC tumor.
Two published studies in which the MBC prognosis was analyzed using a SEER dataset revealed that patients with MBC were more likely to be older women, had less lymph node involvement and had a better prognosis than IDC patients [5, 29] . These findings are consistent with our study. In their studies, a considerable number of patients were diagnosed before 1990 without details about the ER and PR statuses or T-and N-classification. In the current study, detailed information on the T-and N-classification and ER or PR status are presented. Subgroup analysis with these factors was also performed to identify the impact of MBC on survival. Furthermore, we constructed a nomogram to individually predict the CSS. This could more directly help clinicians determine the probability of specific death for individual patients. To the best of our knowledge, this is the first large-population study to construct a nomogram for patients with early MBC. A stacked cumulative incidence plot surprisingly showed that non-BCSD was predominant events of death. In the previous studies, non-BCSD was never considered in the survival analysis. Based on the results, we further proposed that for patients with early MBC, a competing risk regression model (non-BCSD as competing events) is more rational for analyzing the survival outcome. De Glas also recommended using a competing risk regression model rather than a Cox proportional hazard model that would otherwise overestimate the absolute risk of death in studies of mainly older patients with HoR+ breast cancer [30] . To the best of our knowledge, we first analyzed the prognosis of MBC using a competing risk model.
Our study has several potential limitations. First, we failed to differentiate between MBC subtypes, such as types A, B and AB. Then, the details about other prognostic factors, such the 
